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Effect of leukocyte stimulation on rabbit immune complex glomerulo-
nephritis. Phytohemagglutinin (PHA), a leukocyte mitogen, induces a
lymphocyte and blast cell glomeruionephritis in rat renal aliografts (Cell
Immunol 13:146, 1974). The aim of this study was to assess whether
PHA similarly enhances rabbit monocyte-dependent experimental,
acute immune complex glomerulonephritis, and whether this effect is
associated with local release of interleukin-l (IL-l) and tumor necrosis
factor (TNF). Rabbits with experimental acute serum sickness (AcSS:
Group I) had focal proliferative and exudative glomerulonephritis with
immune deposits, scattered subepithelial electron-dense deposits
(humps), mild and transient proteinuria, normal creatinine clearance
and slightly increased production of IL-I and TNF from isolated
glomeruli. Rabbits with AcSS and injected with PHA (Group II)
developed severe lymphocyte and blast cell glomerulonephritis with
diffuse endothelial damage; immune deposits were significantly re-
duced, focal subepithelial electron-dense deposits were absent, protein-
uria was increased, creatinine clearance was decreased and production
of IL-l and TNF was markedly augmented as compared to rabbits in
Group I. Rabbits with AcSS and injected with IL-lp and TNFa (Group
V) had lesions comparable to those seen in Group II. These results
show that PHA, IL-l and TNF enhance the severity of acute immune
complex glomerulonephritis, presumably by activating glomerular en-
dothelial and mesangial cells and resident or infiltrated leukocytes.
Development of localized infections is occasionally associ-
ated with enhancement of immunologically-mediated injury
elsewhere in the body.
Infections may provoke relapses or exacerbation of glomer-
ulonephntis [1—4] and allograft rejection [5]. A similar enhanc-
ing effect was observed when the plant lectin phytohemagglu-
tinin (PHA)—a leukocyte mitogen [61—was injected into rats
with renal allografts. A lymphocyte and blast cell glomerulone-
phritis, characterized by interaction of activated lymphocytes
with the activated endothelium, developed in the grafts but not
in the native kidneys [7]. Subsequent studies have convincingly
shown that cell-mediated hypersensitivity may exert a role in
the pathogenesis of experimental and human glomerulonephri-
tis [8, 9]. The aim of the present study was to assess whether
PHA similarly enhances the severity of experimental acute
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immune complex glomerulonephntis in the rabbit, and whether
this effect is associated with a local release of the polypeptide
mediators interleukin-l (IL-i) and tumor necrosis factor (TNF).
Methods
Animals
New Zealand White rabbits of both sexes weighing from 2 to
2.5 kg were used.
Induction of acute serum sickness
Fifty-six rabbits received a single intravenous (i.v.) injection
of 250 mg/kg body weight of bovine serum albumin (crystallized
BSA, Behringwerke A.F., Marburg, FRG) associated with 10
g of Escherichia coli lipopolysaccharide (LPS) (Sigma Chem-
ical Company, St. Louis, Missouri, USA) [10].
To enhance the incidence of acute serum sickness (AcSS), 1
mg/kg of body weight of BSA in complete Freund's adjuvant
was administered subcutaneously three days before the intra-
venous injection of BSA [11]. The study included only rabbits
that developed AcSS (41 rabbits, 73% of injected rabbits) as
judged by glomerular immune deposit, detected by immunoflu-
orescence microscopy technique, and demonstration of circu-
lating anti-BSA antibodies after antigen elimination [11]. Free
antibodies were determined by immunoprecipitation [12].
Twenty-four rabbits injected only with complete Freund's
adjuvant and three days later with saline containing 10 j.g of
Escherichia coli LPS were used as controls.
Protocol of the experiments
After injection of BSA, rabbits were randomly assigned to
five groups. Group I included 11 rabbits with AcSS, without
additional treatment. Group II consisted of 10 rabbits with
AcSS and injected i.v. with PHA (Wellcome Diagnostics,
Hartford, UK) in a single dose of 0.5 mg/kg, seven days after
the i.v. injection of BSA. Group III included 10 rabbits with
AcSS, injected with human recombinant tumor necrosis fac-
tor-a (TNFa) (from Dr. Tatsuro Nishihara, Suntory Institute
for Biomedical Research, Osaka, Japan; specific activity, 5 X
i07 U/mg protein). The rabbits received a single i.v. injection of
1 pg/kg TNFa seven days after the i.v. injection of BSA. Group
IV was composed of five rabbits with AcSS, injected with
human recombinant interleukin-1/3 (IL-1J3) (Istituto Sclavo,
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Siena, Italy; specific activity 5.8 x 106 U/mg protein). The
rabbits received a single i.v. injection of 1 pg/kg IL-13 seven
days after the i.v. injection of BSA. Group V included five
rabbits with AcSS, injected i.v. with TNFa and IL-1/3 given in
single doses of 1 .tg/kg TNFa and 1 j.g/kg IL-l/3, seven days
after the i.v. injection of BSA.
Five groups of rabbits were used as controls, All these
animals were injected with complete Freund's adjuvants, and
three days later received a single i.v. injection of 1 ml of
isotonic saline and were divided as follows: five rabbits re-
ceived saline only (Group VI); seven days after the injection of
isotonic saline 10 rabbits were injected i.v. with a single dose of
0.5 mg/kg PHA (Group VII); five rabbits were injected i.v. with
a single dose of 1 pg/kg TNFr (Group VIII); four rabbits were
injected i.v. with a single dose of 1 pg/kg IL-1/3 (Group IX); and
five rabbits were injected i.v. with single doses of 1 pg/kg TNFa
and IL-lp (Group X).
Protein excretion was measured before the i.v. injection of
BSA (day 0) and at days 6, 8, 10, 12, 15. In rabbits of Groups I
and II protein excretion was repeatedly measured until the time
of sacrifice (day 30).
Creatinine clearance was measured in rabbits of Groups I and
II at day 0 and at days 10, 15 and 30. Serum complement was
measured in rabbits of Groups I and II at day 0 and at days 7 and
10 as CH5O activity [13]. In rabbits of Groups Ito VI, fragments
of renal tissue were obtained by surgical biopsy performed
under anesthesia at days 8, 10, 12, 15, and in four rabbits of
Groups I and II at day 30. In rabbits of Groups VII to X
fragments of renal tissue were obtained at days 0, 1, 2 and at
sacrifice, three days after the injections of cytokines. Five
rabbits in Groups I and II were nephrectomized at day 10, and
glomeruli were isolated to measure the production of TNF and
IL-l.
Histological, immunohistological and cytochemicalstudies
Fragments of renal tissue obtained by biopsy or at sacrifice
were processed as follows: part of tissue was fixed in 10%
buffered formalin and embedded in paraffin. Sections cut at 3
jsm and stained with hematoxylin and eosin or with periodic
acid-Schiff (PAS) reagent were studied by light microscopy.
Other sections, obtained from frozen tissue cut with a cryostat,
were stained for non-specific esterase activity [14, 15]. The
severity and extent of glomerular lesions were blindly and
independently evaluated by two investigators selecting four
parameters: hypercellularity; infiltration of polymorphonuclear
leukocytes (PMN); infiltration of cells positive for non-specific
esterase; fibrin thrombi and fibrinoid necrosis. In addition, the
number of tubular casts was considered. Glomerular hypercel-
lularity, fibnn thrombi, fibrinoid necrosis and tubular casts were
evaluated by a semi-quantitative method of renal histology
using a grading scale from 0, normal, to 5, maximum lesions
[16]. The number of PMN and monocyte/macrophages was
assessed by counting the total numbers of PMN and non-
specific esterase-positive cells in 10 randomly-selected glomer-
uli divided by the number of glomeruli. A second part of the
tissue was snap-frozen in liquid nitrogen and processed for
immunofluorescence microscopy. Fluorescein-conjugated anti-
bodies to rabbit IgG and C3, and to BSA were purchased from
Cappel Laboratories (Malvern, Pennsylvania, USA). Staining
of sections and appropriate controls were performed as previ-
ously described [17]. The amount and extent of fluorescence
were assessed in a minimum of six glomeruli and was graded on
a scale from 0 to 3. The intensity of immune deposits in figure
4 was expressed as average sum of scores given to all sections
of renal biopsies from days 8 to 15 stained for rabbit IgG, C3,
and BSA. A third part of tissue was fixed in a mixture of
paraformaldehyde and glutaraldehyde [18], post-fixed in os-
mium tetroxide and embedded in Epon 812. Thin sections,
stained with uranyl acetate and lead citrate were examined with
a JEOL IOOS electron microscope.
Measurement of proteinuria and creatinine clearance
Twenty-four hour urines were collected in metabolic cages.
The protein concentration was measured by biuret method [19].
The creatinine clearance was calculated by measuring creati-
nine concentration in urine and plasma by the alkaline picrate
method [201.
Production of TNF and IL-I from isolated glomeruli
After kidney perfusion with 100 ml of sterile isotonic saline,
glomeruli were isolated by sieving using successively 60, 150,
200 m mesh stainless steel screens as previously described
[21]. Glomerular preparations assessed by light microscopy
exhibited less than 5% of tubular contamination. Glomeruli
were counted, resuspended (10,000 glomeruli/mI) in RPMI 1640
supplemented with 100 U/mI penicillin, 100 g/ml streptomycin
(Gibco, Glasgow, UK), and 10% fetal calf serum (Gibco), and
incubated with or without 1 g/ml LPS for 24 hours at 37°C in
95% 02 and 5% CO2 atmosphere. All reagents used contained
less than 0.2 pg endotoxin/mI by the Limulus assay (Sigma
Chemical Co., St Louis, Missouri, USA). At the end of the
incubation period, the supernatants were centrifuged at 100 g
and the glomeruli were removed in order to measure the
proteins by Lowry method [22]. The amount of TNF and IL-l
was measured directly in the supernatants and after chromato-
graphic purification on a Sephacryl S200 HR column (Pharma-
cia, Uppsala, Sweden). One milliliter of 20-fold concentrated
medium was applied to 1.6% cm Sephacryl S200 HR calibrated
with the following molecular weight markers (Biorad, Rich-
mond, California, USA): ferritin (molecular wt 480,000); BSA
(molecular wt 67,000); chymotrypsin (molecular wt 25,000);
cytochrome C (molecular wt 12,000); and inulin (molecular wt
5,700). The column was equilibrated at 4°C with 0.1 M NaCI, 50
mM Tris-HCI buffer, pH 7.4 and samples were eluted at a flow
rate of 12 mI/hr. Fractions of 2 ml were collected, sterilized by
filtration and assayed for IL-l and TNF.
TNF and IL-l were measured in the supernatant of glomeruli
isolated from kidneys of five rabbits of Group I, five rabbits of
Group II, and five rabbits of Group VI 10 days after the i.v.
injection of BSA or saline. Ten thousand glomerulilml (1.14
0.4 mg proteins) were cultured for 24 hours with or without I
p,g/ml LPS and assayed. The biological activity obtained in the
TNF or in IL-I assay was abolished after absorption with
specific antibodies. The antiserum to TNFa was from Cetus
Corporation (Emeryville, California, USA). The antiserum to
IL-I was from Dr. C.A. Dinarello, Tufts University (Boston,
Massachusetts, USA). The specificity of these two antisera was
determined as previously described [23]. The biologically-
active fractions of TNF were eluted from Sephacryl S-200 with
an apparent molecular weight between 85 and 110 kd (corre-
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sponding to polymeric TNF under non-denaturating condi-
tions). IL-i-like activity had an apparent molecular weight
ranging between 12 and 19 kd, with a peak corresponding to 14
kd.
IL-I assay
IL-i-like activity was determined by its capacity to synergize
thymocyte proliferation induced by PHA [241. Briefly, macro-
phage depleted thymocytes obtained from neonatal C3H/HEJ
and C3H/HEN mice were plated in flat-bottomed microtiter
plates (500,000 cells/well) in complete medium with or without
0.5 g/ml PHA and twofold serial dilutions of supernatants to
be tested. After 48 hours of culture, the cells were pulsed with
1 Ci 3H-thymidine (2 mCi/mmol, Amersham). After 24 hours
of labelling, the medium was aspirated and 100 d of trypsin-
EDTA solution were added to each well. After an additional
incubation at 37°C for 10 minutes, the cells were harvested into
glass fiber filters and the 3H-thymidine incorporation was mea-
sured by liquid scintillation counting. Activity was expressed as
increments of mean counts of 3H-thymidine uptake by cells
from which the corresponding background (controls with PHA
only) was subtracted. Thymocyte proliferation in the presence
of RPMI with or without LPS was used as control, and showed
less than 10% variation from the mean in thymidine incorpora-
tion. As a reference, human recombinant IL-1f3 was used.
Samples positive for IL-l/3-like activity were also tested after
absorption with specific rabbit antibodies to human recombi-
nant IL-lp.
TNF assay
TNF was measured by a sensitive biological assay based on
the cytotoxic activity of the cytokine in the presence of an
inhibitor of protein synthesis [25]. Twofold serial dilutions of
samples were added together with 0.1 mg/mI of cycloheximide
to cultures of human SK-MEL-l09 melanoma cells sensitive to
the cytotoxic activity of TNF in concentrations as low as 20
pg/mi. These cells were grown as monolayers in 24-well cluster
plates, incubated with appropriate dilutions of samples, and
after 20 hours washed with PBS before staining with crystal
violet which was eluted and measured as described [26]. A
calibration curve was constructed with human recombinant
TNF to convert the cytotoxic activity of biological samples into
pglml of TNF. Furthermore, these samples were assayed on a
TNF-resistant cell line (designated R4) selected from SK-MEL-
109 cells as recently described for HeLa cells [27]. The lack of
cytotoxicity for TNF-resistant R4 cells in such control experi-
ments showed that the cell death, observed with sensitive
SK-MEL-109 cells, was specifically caused by TNF. In addi-
tion, TNF-dependent cytotoxicity was blocked by a rabbit
polyclonal anti-human recombinant TNFa antibody. The cyto-
toxicity assays were carried out in triplicate and gave a standard
error of < 5 percent.
Statistical analysis
The mean and standard deviation (± 1 SD) of all parameters
studied by light and fluorescence microscopy was calculated for
all groups of rabbits.
For statistical evaluation, data from Groups I, II, IV, V and
VI were entered in a database of an IBM computer, and
analyzed for statistical significance using BMDP3D one sample
Fig. 1. Urinary protein excretion from day 8 to day 15 are expressed as
mean (± I SD, vertical bars) of values detected in all rabbits within each
study group. Rabbits with AcSS and injected with PHA (Group II) or
with TNFa and IL-1/3 (Group V) had more proteinuria than rabbits with
AcSS (Group I). The Student's t-test was evaluated between: Group I
versus Group LI, Ill, IV and V respectively (**P < 0.001).
and two sample t-tests (BMDP, Statistical Software, Inc. Los
Angeles, California, USA). P values < 0.01 were considered
significant.
Results
Rabbits with AcSS (Group I)
Rabbits in Group I had modest, transient, (from day 10 to day
12) proteinuria (Fig. 1), and minimal reduction of the creatinine
clearance (the creatinine clearance of rabbits injected with
saline, Group VI, was 3.8 mI/mm/kg; Fig. 2). Granular deposits
of BSA and rabbit IgG (Fig. 3) were first detectable along the
glomerular basement membranes at day 8 and disappeared at
day 10 and day 15, respectively. Deposits of rabbit C3 were
detected at day 10, and were still present at time of sacrifice
(Fig. 4). Focal and segmental proliferative and exudative le-
sions were present in 40 to 50 percent of glomeruli, and reached
a peak at day 10. Maximum accumulation of PMN and of
mononuclear cells positive for non-specific esterase was ob-
served at day 8 and day 10, respectively (Fig, 5). Scattered
subepithelial deposits of foreign material (humps) were seen by
electron microscopy. Casts of proteinaceous material and cell
remnants were present in the lumens of some tubules. CHSO
activity of serum obtained at day 10 (7.5 2.0 U/ml) was
significantly reduced (P <0.01) in respect to basal values (day
0 23.1 5.8 U/mI) and to CH5O activity detected before
immune clearance (day 7 22.4 4.0 U/mI). Production of TNF
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Fig. 4. Glomerular immune deposits evaluated by immunofluores-
cence technique from day 8 to day 15 are expressed as mean values (±
I SD) of the sum of scores given to sections stained for rabbit IgG, C3
and forBSA. Rabbits with AcSS and injected with PHA (Group II) had
less and different immune deposits than rabbits with AcSS (Group I).
Statistical analysis was performed between Group I and Groups II, III,
IV and V, respectively (** P < 0001).
granules between and within inflammatory cells (P < 0.001,
Figs. 4 and 7). About 80 percent of glomeruli had lesions that
were more severe than in glomeruli of rabbits of Group I (Fig.
5, P < 0.001), though the severity of these lesions varied from
glomerulus to glomerulus and from rabbit to rabbit. The most
striking feature was the infiltration of mononuclear cells (P <
0.001) and, to a lesser degree, of PMN in the lumens of the
capillaries, (Figs. 5, 8 and 9) and between the endothelium and
the peripheral basement membrane (Fig. 12). Some of these
cells resembled blast cells or activated large lymphocytes (Figs.
9, 10, 13).
Endothelial and mesangial cells were swollen and contained
an increased number of ribosomes. The lumens of the capillar-
ies were obliterated by infiltrated cells and swollen glomerular
cells, and the glomerular tufts had lobular aspects (Figs. 9, lfl.
Early obliteration of glomerular capillaries by inflammatory
cells, and increased phagocytosis, and/or a different state of
immune complex aggregation were probably responsible for the
decreased amount of immune deposits in the peripheral glomer-
ular capillary walls, as compared to rabbits in Group I, and for
the absence of subepithelial humps as seen by electron micros-
copy. Thrombi of fibrin (Fig. 10), fibrinoid necrosis (Fig. 11) and
tubular casts were more frequent than in rabbits of Group I (P
<0.01). Reduction in CH5O activity (9.0 3.1 U/mI) in serum
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Fig. 2. Creatinine clearance (± I si) in rabbits with AcSS (0, Group
I) and in rabbits with AcSS and injected with PHA (D. Group 11). The
mean creatinine clearance of rabbits injected with saline (Group VI)
was 3.8 mllmin/kg. Statistical significance was assessed between rabbits
of Group I and Group II (Kp < 0.01; ** < 0.001). A decreased
creatinine clearance persisted in rabbits of Group II 30 days after the
beginning of the experiment.
Fig. 3. Coarse granular deposits of rabbit IgG in the glomerular
capillary walls of a rabbit with AcSS without additional treatment
(Group I). x 600
and IL-i by isolated glomeruli unstimulated or stimulated with
LPS was only slightly increased as compared to rabbit injected
with isotonic saline (Group VI, Fig. 6).
Rabbits with AcSS and injected with PHA (Group II)
These rabbits had persistent proteinuria (Fig. 1, P < 0.001)
when compared to Group I and impairment of the creatinine
clearance (P < 0.01) until the end of the observation period
(Fig. 2). Glomerular immune deposits were significantly re-
duced and detectable at day 10 in form of fine fluorescent
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obtained at day 10 was comparable to that of Group I rabbits.
The amounts of TNF and IL-i produced by unstimulated
glomeruli were greater than in rabbits of Group I. After LPS
stimulation the production of these two cytokines increased
threefold (Fig. 6).
Rabbits with AcSS and injected with TNFa (Group III)
Proteinuria was slightly more elevated than in Group I (P =
NS), but considerably inferior than in Group II (P < 0.001) (Fig.
1). The results obtained by immunofluorescence technique were
similar to those obtained in Group II (Fig. 4). Glomerular
cellular infiltration was increased as compared to Group I (P <
0.001) but less diffuse than in Group II (Fig. 5). The signs of
endothelial cell activation and of interaction between endothe-
hal cells and mononuclear cells were indistinguishable from
those seen in rabbits of Group II. Intracapillary thrombi of
fibrin, fibrinoid necrosis and tubular casts were seen less
frequently than in Group II (Fig. 5)
Rabbits with AcSS and injected with IL-1/3 (Group IV)
Proteinuria was minimal (Fig. I). The amount of immune
deposits was greater than that seen in rabbits of Groups II and
III, but inferior to that present in Group I (Fig. 4). As in rabbits
Fig. 5. Semiquantitative evaluation of
glomerular lesions. Rabbits with AcSS and
injected with PHA (Group II) or with IL-lp and
TNFa (Group V) had more severe cellular
infiltration and fibrin thrombi than rabbits with
AcSS (Group I). The Student's (-test was
evaluated between Group I and Group II, III, IV
and V, respectively (* < 0.01; ** < 0.001).
Fig. 6. In each group ofrabbits the left
column indicates results obtained from
unstimulated glomeruli, and the right column
results obtained from glomeruli stimulated
with LPS. Stimulated glomeruli from kidneys
of rabbits with AcSS and injected with PHA
(Group II) produced more TNF than glomeruli
from rabbits with AcSS (Group I), or normal
rabbits (Group VI). Unstimulated and
stimulated glomeruli from kidneys of rabbits
in Group II produced more IL-I than
glomeruli from rabbits in Groups I and IV.
The Student's (-test was evaluated between:
Group VI versus Group I (+ P < 0.01); and
Group I versus Group II ("P < 0.01; <
0.001).
Fig. 7. Reduced amount and fine granular pattern of rabbit !gG(compare with Fig. 3) in a glomerulus of a rabbit with AcSS and
injected with PHA (Group II). x 600
of Group III these immune deposits were small and intercellu-
lar. The degree of glomerular infiltration of mononuclear cells
and PMN was more severe than in Group I and less severe than
in Group III (Fig. 5). The type of lesion was similar.
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Fig. 8. Light micrograph showing diffuse pro! (feralive-exudative glomerulonephritis in a rabbit of Group 11. x 450
Fig. 9. Light micrograph illustrating the massive infiltration of mononuclear cells, probably, activated lymphocytes, in the glomerular capillaries
of a rabbit with AcSS and injected with PHA (Group II). X 1,000
Fig. 10. Light micrograph showing part of a
glomeru!us in a rabbit with AcSS and injected
with PHA. The arrowhead indicates a
thrombus of fibrin, and the arrow a pale large
granular mononuclear cell, probably a
lymphocyte. x 1,200
Fig. 11. Light micrograph. Fibrinoid necrosis
in a glomerulus of a rabbit with AcSS and
injected with PHA. x 1,200
Rabbits with AcSS and injected with TNF-a and IL-1f3
(Group V)
Proteinuria was increased as compared to rabbits in Group I
(P < 0.001), and was also superior to that measured in rabbits
of Groups III and IV (Fig. 1). As in rabbits of Groups II and III,
the amount of immune deposits was inferior to that of Group I
(Fig. 4). The glomerular lesions and the number of tubular casts
were more severe and more numerous than those observed in
Group I (P < 0.001), and similar to those seen in rabbits with
AcSS and injected with PHA (Group I!, Fig. 5).
Rabbits in Groups VI to X
The urinary protein excretion was normal. When examined
by morphological and immunohistochemical techniques, the
kidneys of these rabbits were consistently normal. Unstimu-
lated glomeruli obtained from rabbits injected with complete
Freund's adjuvants and isotonic saline (Group VI) did not
produce TNF, and produced 2.5 x 10 cpm of IL-I only. After
stimulation with LPS glomerular production of TNF and IL-I
was increased onefold (Fig. 6).
Discussion
Administration of PHA shortly before the immune clearance
of immune complexes increased the severity of morphologic
and functional changes in glomeruli of rabbits with experimen-
tal AcSS. Two observations suggest that after injection of PHA,
IL-i and TNF contribute to amplify the nephritogenic response.
First, lesions comparable to those induced by PHA occurred in
rabbits with AcSS and injected with IL-l/3 and TNFa. Second,
glomeruli isolated from kidneys of rabbits with AcSS and
injected with PHA produced more IL-l and TNF than glomeruli
of rabbits with AcSS and not injected with the mitogen. PHA
can, directly or indirectly, stimulate production of IL-I, inter-
leukin-2 (IL-2) and TNF. IL-I was first identified as a product of
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Fig. 12. Electron micrograph showing a glo,nerular capillary in a rabbit with AcSS and injected with PHA. A lymphocyte (L) has displaced the
endothelium and is in contact with the glomerular basement membrane (arrow). X indicates a cell that could be a swollen endothelial cell or part
of a macrophage. The asterisk indicates remnant of the endothelium. x 18,000
Fig. 13. Electron micrograph showing a glomerular capillary from a rabbit with AcSS and injected with PHA. L indicates a large lymphocyte. )(
20,000
PHA-stimulated mononuclear cells [28]. Likewise, IL-2 was
originally isolated from conditioned media of PHA-stimulated
lymphocytes [291. The stimulatory effect of PHA requires the
interaction of PHA with both monocytes and lymphocytes and
the production of IL-i and IL-2 [30]. TNF may result from
direct stimulation of monocyte because the mitogenic effect of
PHA is not restricted to lymphocytes [6]. Moreover, certain
cytokines are known to induce elaboration of other cytokines
[31]. IL-2 and mitogens, including PHA, stimulate the synthesis
of TNF [32] and interferon-a [33] which, in turn, promotes
expression of more TNF receptors [311.
The results of our experiments are concordant with other
observations suggesting that stimulation of synthesis and re-
lease, or direct administration, of proinflammatory cytokines
enhance the severity of glomerular lesions. LPS augmented
glomerular changes in rats injected with nephrotoxic serum
[34]. Small doses of IL-I and TNF enhanced the glomerular
lesions of rats with nephrotoxic glomerulonephritis [35], and of
mice with spontaneous lupus-like glomerulonephritis [36]. In
these experiments, as in our observations, the most pronounced
enhancing effect was obtained when IL-I and TNF were given
together [35], confirming that these two cytokines have syner-
gistic effects [37]. One explanation why PHA induced the
highest degree of enhancement is that this mitogen would
provoke synthesis of both IL-l, TNF and of other cytokines, so
that we examined the result of a stimulation exerted by multiple
polypeptide mediators. In agreement with this hypothesis is the
recent finding that IL-l/3 and TNFa increase mesangial cells
transcription of messenger RNA for interleukin-8 and monocyte
chemotactic protein-l, and the synthesis and release of inter-
leukin-6 [38], a lymphokine that in IL-6 transgenic mice [39] and
in man [40] is associated with development of proliferative
glomerulonephritis.
Injection of PHA, IL-I and TNF may exacerbate AcSS
glomerulonephritis by direct stimulation of glomerular cells and
resident [41] or infiltrated macrophages, or through a systemic
effect. Both IL-I and TNF activate the vascular endothelium in
vitro [42] and in vivo [43], including the glomerular endothelium
[44]. Endothelial activation consists of a number of responses
characterized by cell hypertrophy, increased expression of
class I and II histocompatibility antigens [42, 45—47], increase of
the adhesiveness of neutrophils, expression of pro-coagulant
molecules while, at the same time, the synthesis of plasminogen
activator is decreased [421. These changes may explain the
enhancement of the inflammatory lesions, including the forma-
tion of fibrin thrombi and fibrinoid necrosis in rabbits with AcSS
and injected with PHA, IL-lf and TNFa. IL-i, which can be
synthesized by activated mesangial cells [481, can also stimulate
them in a fashion similar to growth hormones [49] and promote
synthesis of TNF [50]. On the other hand, TNF induces
alteration of the glomerular endothelium, enhances intraglomer-
ular coagulation [511 and stimulate endothelial cells [521 and
macrophages [53] to produce IL-l. AcSS glomerulonephritis is
monocyte/macrophage-dependent [54]. IL-I could stimulate
monocyte resident [41] or infiltrated in glomeruli. Besides,
T-lymphocytes activated by IL-I secrete IFNa that, in turn,
induces macrophages to express class II antigens and other
indicators of activated state [42]. Thus, systemic injection of
PHA, IL-i/3 and TNFa could enhance the production of pro-
inflammatory peptides in glomeruli, in addition to any direct
effect that they may have on glomerular cells.
Glomerular infiltration of large lymphocytes morphologically
similar to natural killer (NK) cells or IL-2-activated lympho-
cytes [55] is seldom observed in experimental and human
glomerulonephritis. This peculiar cellular infiltration may be the
consequence of the stimulus of cytokines on NK cells and
CD8 + lymphocyte [56, 57], which could contribute to damage
glomerular endothelial and mesangial cells with their cytolytic
pore-forming protein [58].
In conclusion, the plant lectin mitogen PHA enhances the
severity of glomerular morphologic and functional changes in
rabbit with AcSS, increasing glomerular production of IL-i and
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TNF. Lectins are carbohydrate-binding proteins present in
pathogenic bacteria, viruses, and alimentary tract antigens [591
that could be associated with relapses or exacerbations of
glomerulonephritis. The results described are relevant to under-
standing how systemic infections, or infections at distal sites of
the body, exacerbate cell-mediated glomerular lesions [1, 61 by
a reaction broadly akin to the acute phase response [60].
Acknowledgments
Financial support for this study was provided by the National
Institute of Diabetes, Digestive and Kidney Diseases (NDDK) of the
National Institutes of Health, Grant DK. 37807, and by the Consiglio
Nazionale delle Ricerche (CNR no. 89.02.462.04) of Italy. Human
recombinant tumor necrosis factor- used in this study was a gift from
Dr. Tatsuro Nishihara, Suntory Institute for Biomedical Research,
Osaka, Japan to Dr. C. Baglioni. Antiserum to TNFa was a gift from
Cetus Corporation, Emmeryville, California, USA. Antiserum to IL-I
used in this study was a gift from Charles A. Dinarello, M.D., Tufts
University, Boston, Massachusetts, USA. The authors thank Dr.
Corrado Baglioni for providing reagents and for critically reviewing the
manuscript and Ms. Joan C. Watson for excellent secretarial assistance.
Reprint requests to Giovanni Camussi, M.D., Laboratorio Immuno-
patologia, Divisione Nefrologia, Universitd di Torino, Ospedale S.G.
Battista-Molinetie, Corso Polonia 14, Torino, Italy.
References
I. BERGER J: IgA glomerular deposits in renal disease. Transplant
Proc 1:939—944, 1969
2. VAN DE PUTTE LBA, DE LA RIVIERE GB, VAN BRENDA-VRIESMAN
PJC: Recurrent or persistent hematuria. A sign of mesangial
immune-complex deposition. N Eng! J Med 290:1165—1170, 1974
3. REES Al, LOCKWOOD CM, PETERS DK: Enhanced allergic tissue
injury in Goodpasture's syndrome by intercurrent bacterial infec-
tion. Br Med J 2:723—736, 1977
4. PINCHING AJ, REES AJ, PUSSEL BA: Relapses in Wegener's
granulomatosis: The role of infection. Br J Med 281:836—838, 1980
5. SALAMAN JR. GODFREY AM, RUSSELL RB, BROWN P. FESTEN-
STEIN H: Rejection of HLA identical transplant. Tissue Antigens
8:233—238, 1976
6. NOVEL P: Phytohemagglutinin: An Initiator of mitosis in cultures of
normal human leukocytes. Cancer Res 20:462—466, 1960
7. ANDRES GA, CERRA F, ELTI G, CASCIANI C, CORTESINI R, Hsu
KC: Lymphocyte and blast cell glomerulonephritis in renal al-
lografts of rats injected with phytohemagglutinin. Cell Immuno!
13:146-163, 1974
8. COTRAN RS: Monocytes, proliferation and glomerulonephritis. J
Clin Invest 92:837—840, 1978
9. FILLIT HM, ZABRISKIE JB: Cellular immunity in glomerulonephri-
tis. Am J Patho! 109:227—243, 1982
10. KNIKER WT, COCHRANE CG: The localization of circulating im-
mune complexes in experimental serum sickness: the role of
vasoactive amine and hydrodynamic forces. J Exp Med 127:119—
136, 1968
II. CAMUSSI G, TETTA C, MERONI M, TORRI-TARELLI L, ROFFINELLO
C, ALBERTON M, DEREGIBUS C, SESSA A: Localization of cationic
proteins derived from platelets and polymorphonuclear neutrophils
and local loss of anionic sites in glomeruli of rabbits with experi-
mentally-induced acute serum sickness. Lab Invest 55:56—62, 1986
12. OUCHTERLONY 0, NILSSON LA: Immunodiffusion and immuno-
electrophoresis, in Handbook of Experimental Immunology, edited
by WEIR DM, Oxford, Blackwell Scientific Publication, 1967, p. 655
13. CAMPBELL DH, GARVEY iS, CREMER KE, SUSSDORF DH (EDI-
TORS): Methods in Immunology, New York, WA Benjamin Inc.,
1964
14. NACHLAS MM, SELIGMAN AM: Histochemical demonstration of
esterase. J Nail Cancer Inst 9:415—425, 1949
15. PEARSE AGE: Hisiochemistry: Theoretical and Applied (vol 2).
London, Churchill Livingstone, 1972, p. 113
16. PIRANI LL, POLLAK yE, SCHWARTZ FD: The reproducibility of
semiquantitative analysis of renal histology. Nephron 1:230—237,
1964
17. CAMUSSI G, SALVIDIO G, NIESEN N, BRENTJENS I, ANDRES GA:
Effect of chlorpromazine on the development of experimental
glomerulonephritis and Arthus reaction. AmJ Patho! 131:418—434,
1988
18. KARNOWSKY Mi: Formaldehyde-glutaraldehyde fixative of high
osmolarity for use in electron microscopy. (abstract) J Cell Biol
27:137A, 1965
19. WEICHSELBAUM TE: An accurate and rapid method for the deter-
mination of proteins in small amounts of blood serum and plasma.
Am J Clin Paiho! lO:40-.46, 1946
20. BOUSNE5 RW, TAUSSKY AA: The calorimetric determination of
creatinine by the Jaffe reaction. J Biol Chem 158:581—591, 1945
21. CAMU55I G, BRENTJENS JR. NOBLE B, KERIASCHKI D, MALAVASI
F, ROHOLT OA, FARQUHAR MG, ANDRES G: Antibody-induced
redistribution of Heymann antigen on the surface of cultured
glomerular visceral epithelial cells: Possible role in the pathogene-
sis of Heymann glomerulonephritis. J Immunol 135:2409—2416,
1985
22. LOWRY OH, ROSENBROUGH Ni, FARR AL, RANDALL RI: Protein
measurement with the Folin phenol reagent. J Biol Chem 193:
265—275, 1951
23. BussoLiNo F, CAMUSSI 0, BAGLIONI 0: Synthesis and release of
platelet-activiting factor by vascular endothelial cells treated with
TNF or IL-I. JBio! Chem 263:11856—11861,1988
24. ROSENWASSER Li, DINARELLO CA: Ability of human leukocytic
pyrogen to enhance phytohemagglutinin induced murine thymocyte
proliferation. Cell Immuno! 63:134—142, 1981
25. KULL FC, MATRECASAS P: Possible requirement of internalization
in the mechanisms of in vitro cytotoxicity in tumor necrosis serum.
CancerRes 41:488—489, 1981
26. RUGGIERO V, LATHAM K, BAGLIONI C: Cytostatic and cytotoxic
activity of tumor necrosis factor on human cancer cells. J Immunol
138:2711—2717, 1987
27. GESSANI S, JOHNSON SE, MCCANDLESS 5, BAGLIONI: The antiviral
activity of tumor necrosis factor in HeLa cells is not mediated by
interferons. Studies with TNF-resistant variants. J Biol Regul
Homeost Agents 3:139—144, 1988
28. GERY I, GERSHON RK, WAKSMAN BH: Potentiation of the T-lym-
phocyte response to mitogens. I. The responding cell. J Exp Med
136:128—142, 1972
29. MORGAN DA, RUSCETTI FW, GALLO R: Selective in vitro growth of
T lymphocytes from normal human bone marrow. Science 193:
1107—I 108, 1976
30. SMITH KA, RUSCETTI FW: T cell growth factor and the culture of
cloned functional T cells. Adv Immunol 31:137—175, 1981
31. DINARELLOCA, MIERJW: Lymphokines. NEnglJMed3l7:940—
945, 1987
32. NEDWIN GE, SVEDERSKY LP, BRINGMAN TS, PALLADINO MA,
GOEDDEL DV: Effects of interleukin-2 interferon-gamma and mito-
gens on the production of tumor necrosis factor alpha and beta. J
Immuno! 135:2492—2497, 1985
33. RUGGIERO V, TOVERNIER J, FIERS W, BAGLIONI C: Induction of
the synthesis of tumor necrosis factor receptors by interferon-a. J
Immunol 136:2445—2450, 1986
34. ARHELGER R, SMITH F, BRUNSON J, GooD R, VERNIER R: Effect
of gram negative endotoxin on nephrotoxic serum nephrosis in rats.
Proc Soc Exp Biol Med 96:424—428, 1957
35. Topiosu NL, CASHMAN Si, HAY H, PUSEY CD, EVANS DJ,
SHAW A, REES AJ: Modulation of antibody-mediated glomerular
injury in vivo by bacterial lipopolysaccharide, tumor necrosis
factor and IL-I. J Immunol 142:3083—3090, 1989
36. BRENNAN DC, YuI MA, WUTHRICH, KELLEY VE: Tumor necrosis
factor and IL-I in New Zealand Black/White mice.Enhanced gene
expression and acceleration of renal injury. J Immunol 143:3470—
3475, 1989
37. OKUSAWA 5, GELFAND JA, IKEJIMA T, CONNOLLY RI, DINARELLO
CA: Interleukin- I induces a shock-like state in rabbits: Synergism
with tumor necrosis factor and the effect of cyclooxigenase inhibi-
tion. J Clin Invest 81:1162—I 172, 1988
38. Z0IA C, BETTONI S. TINI ML, ABBOUD HE, REMUZZI G: In vitro
Camussi et a!: Leukocyte stimulation in immune complex GN 1055
regulation of colony stimulating factor (CSF) genes by interleu-
kin-l/3 (IL-I /3) and tumor necrosis factor (TNF) in human mesangial
cells. (abstract) Kidney mt 37:205, 1990
39. SUEMATSU S, MATSUDA T, AozAsA K, AKIa S. NAKANO N,
OHNO S, MIYAZAKI JC, YAMAMURA K!, HIRANO T, KIsHIM0T0 T:
IgG plasmacytosis in interleukin-6 transgenic mice. Proc Nat! Acad
Sci USA 86:7547—7551, 1989
40. HORn Y, MARAGUCHI A, IwANo M, MATSUDA T, HIRAYAMA T,
YAMADA H, FuJu Y, D0HI K, IsHIKAwA H, OHMOTO Y,
YOSHIZAKI K, HIItNo T, KIsHIM0T0 T: Involvement of IL-6 in
mesangial proliferative glomerulonephritis. J Immunol 143:3949—
3955, 1989
41. SCHREINER GF, COTRAN RS, PARDO V, IJNANUE ER: A mononu-
clear cell component in experimental immunological glomerulone-
phritis. J Exp Med 147:369—384, 1978
42. POBER JS: Cytokine-mediated activation of vascular endothelium.
Am I Pathol 133:426—433, 1988
43. COTRAN RS, GIMBRONE MA JR, BEVILACQUA MP, MENDRICK DC,
POBER JS: Induction and detection of a human endothelial activa-
tion antigen in vivo. I Exp Med 164:661—666, 1986
44. COTRAN RS, POBER JS: Effects of cytokines on vascular endothe-
hum: Their role in vascular and immune injury. Kidney mt 35:
969—975, 1989
45. CHANG RJ, LEE SH: Effects of interferon-gamma and tumor
necrosis factor-alfa on the expression of an Ia antigen on a murine
macrophage cell line. J Immunol 137:2853—2856, 1986
46. COLLINS T, LAPIERRE LA, FIER5 W, STROMINGER JL, POBER JS:
Recombinant human tumor necrosis factor increases mRNA levels
and surface expression of HLA-A,B antigens in vascular endothe-
hal cells and dermal fibroblasts in vitro. Proc Nat! Acad Sci USA
83:446—450, 1986
47. LE J, VILCEK J: Biology of disease. Tumor necrosis factor and
Interleukin-l: Cytokines with multiple overlapping biological activ-
ities. Lab Invest 56:234—248, 1987
48. LOVETF DH, RYAN JL, STERZL BR: A thymocyte-activating factor
derived from glomerular mesangial cells. J Immunol 130:1796—
1801, 1983
49. LOVETT DH, SZANIEL M, RYAN JL, STERZL RB, GENISA D, RESCH
K: Interleukin 1 and the glomerular mesangium. I. Purification and
characterization of a mesangial cell-derived autogrowth factor. J
Immunol 136:3700—3705, 1986
50. BAUD L, OUDINET JP, NOE L, PERALDI MM, RONDEAU E,
ETIENNE J, ARDAILLOU R: Production of tumor necrosis factor by
rat mesangial cells in response to bacterial lipopolysaccharide.
Kidney mt 35:1111—1118, 1989
51. BERTANI T, ABBATE M, ZOJA C, CORNA D, PERICO N, GHEZZI P,
REMUZZI G: Tumor necrosis factor induces glomerular damage in
the rabbit. Am J Pathol 134:419—430, 1989
52. NAWROTH PP, BANK I, HANDLEY D, CASSIMERIS J, CHESS L,
STERN D: Tumor necrosis factor/cachetin interacts with endothelial
cell receptors to induce release of interleukin 1. J Exp Med
163:1363—1375, 1986
53. DINARELLO CA, CANNON JG, WOLFF SM, BERNHEIM HA, BEUT-
LER B, CERAMI A, FIGARI IS, PALLADINO MA, O'CONNOR JV:
Tumor necrosis factor (cachetin) is an endogenous pyrogen and
induces production of interleukin 1. J Exp Med 163:1433—1450, 1986
54. HUNSICKER LG, SHEARER TP, PLATTERN SB, WEISENBURGER D:
The role of monocytes in serum sickness nephritis. J Exp Med
150:413-425, 1979
55. BIRON CA, NATUK Ri, WELSH RM: Generation of large granular T
lymphocytes in vivo during viral infection. J Immunol 136:2280—
2286, 1986
56. TRINCHIERI G, PERUSSIA B: Biology of disease. Human natural
killer cells: Biologic and pathologic aspects. Lab Invest 50:489-5 13,
1984
57. Biio CA, YOUNG HA, KASAIAN MT: Interleukin 2-induced
proliferation of murine natural killer cells in vivo. J Exp Med 171:
173—188, 1990
58. YOUNG LHY, PETERSON LB, WICHER LS, PETERSECHINI PM,
YOUNG iDE: In vivo expression of perform by CD8+ lymphocytes
in autoimmune disease. I Immunol 143:3994—3999, 1989
59. LIERER IE, SHARON N, GOLDSTEIN IJ (EDITORS): The Lectins:
Properties, Functions and Applications in Biology and Medicine.
Orlando, Academic Press, 1986
60. DINARELLO CA: Interleukin-l and the pathogenesis of the acute-
phase response. N EnglJ Med 311:1413—1418, 1984
